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Abstract 
Sustainable manufacturing pursues various approaches, one of them is value creation through social innovations from open 
source innovations, respectively open design strategies. Well-known names such as “Local Motors” are a prime example for its 
success. But there are also concepts, which limit the sustainability of this success and can, consequently, lead to failure. Thus, it 
requires more than an analysis of successful projects to discover successful approaches. The reasons for the failure of other 
approaches are crucial. Based on the principle of „Survivorship Bias“, success is more visible than failure. This inevitably leads to 
an overestimation of the prospects of success. For this purpose, different concepts were analyzed and a concept of Open Community 
Manufacturing – Development Challenge was created. This paper aims to describe the challenges and potentials of open source 
innovation and wants to present the concept based on an open design strategy, using the example of South Africa.  
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1. Introduction 
Poverty remains an issue of the modern world. Despite that 
South Africa (SA) is the most developed country in Africa, 
there are still regions suffering from severe poverty. 
Digitisation helps to solve most product or service 
customisation challenges with open co-creation platforms and 
toolkits. The concept of Open Community Manufacturing 
(OCM) was developed as an independent, non-commercial 
organization that bridges the gap between the capital market 
and the developing social groups. The initial steps were taken 
in close cooperation with the University of Johannesburg to 
develop a platform that helps to expose "hidden" knowledge 
and make it more accessible for everyone. Thus, contributing 
to the further development of South Africa. For this purpose, 
first steps were made in the beginning of the year 2013 and a 
stove was created, using the open design strategy [17]. 
The economic situation of a country is significant for the 
living standard of its citizens and South Africa`s lack of 
production possibilities prevents the production of local 
products and   hinders this socially weak economy from 
creating a more just society. Tourism, or the more general 
economic segment of services, is not enough to support the 
relatively high number of inhabitants and, consequently, this is 
not enough to aid South Africa in its participation in the world 
economy. Another drawback are  the neighbouring countries. 
Attracted through its success, many people immigrated to 
South Africa, causing huge demographic changes. This can be 
exemplified by simply comparing the total population of 
50.587 mio in 2011 to the much lower number of 19.211 mio 
in 1970. [1]        
Before apartheid, the balance of trade depended mainly on 
agricultural exports. [2] In contrast, in 2007 South Africa could 
only present 796.806 agricultural workers with a total gross 
income of 79 trillion rand, 25.7 trillion rand more than the 
income of 2002. With a percentage of 42, the provinces 
Mpumalanga, Free State and Western Cape are the most 
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important value drivers (2009), giving a further example for the 
unequal wealth distribution. [3]  
However, in the field of manufacturing, the province of 
Gauteng is the only driving force of the value chain with a 
percentage of 40.6 (2009). In comparison to the year 2000, the 
exports in this province increased by 7.9 percentage points. 
This positive development in the field of manufacturing is 
misleading, though, when looking at the entire economy of 
South Africa. From 2005 to 2010 the growth in value changed 
from 6.2 percent to a negative 10.7 percentage points. Within 
five years the share fell from 18.5 percent in 2005 to 14.6 
percent. However, the highest negative percentages were 
achieved from September 2010 to September 2011; the growth 
of production in the automotive industry sank by 51.1 
percentage points, that of the radio and telecommunications 
industry sank by 28.5 percentage points and in the segment of 
electric engineering, the share sank to 10.6 percentage points. 
Small and medium sized enterprises still suffer from the 
shortage in skills (know-how), appropriate technology and the 
lack of a collective support system. This leads to inefficient 
value creation, the wasting of a high degree of energy 
(resources) in production processes and frightening pollution. 
The ability to co-create value independently (even in socially- 
and geographically isolated regions), together with improved 
teaching capabilities, can open numerous possibilities for 
developing countries. So far, these developments led to the 
launch of various programs that aimed to support Small and 
Medium Enterprises (SME`s) in order to improve the economic 
situation of the country. In return, this laid the foundation for 
our current project. [3] 
In summary, the concept of Open Community 
Manufacturing is the following: Development Challenge aims 
to use the strategy of Open Design connecting specialists and 
volunteers to create sustainable developments via social 
innovations. A balanced sustainable development framework 
will ensure that a country’s geographic area is utilized 
effectively, the country’s people are healthy, skilled and 
educated. In addition, it will make sure that the infrastructure 
is sufficient and that there are abundant employment 
opportunities within respected governance systems. 
Considering that sustainable development entails meeting the 
needs of the present without compromising the ability of future 
generations to meet their own needs - this concept has become 
a real innovation driver to increase the formal economy. 
2. State of the art 
2.1. Open Source Innovation  
At its core, the Open Source Innovation is an enclosed 
innovative strategy that requires the market players to share 
their knowledge voluntarily and to participate in an unorthodox 
form of knowledge transfer. The basic idea is to use private 
resources to produce public goods. Within the Open Source 
Innovation Project (OSI-project), the results that are gained are 
freely accessible, are not limited in any way and are not bound 
to certain participants. But there are certain terms for those 
using the OSI-project that take into account economic, social 
and legal aspects. [4] Open Design is a strategic element of 
Open Source Innovation. The focus of Open Design is to 
bundle the knowledge of many interested and qualified 
individuals and to develop designs for products. [4] 
The basic principle of Open Design, which can be described 
with the key words "Open Content“ [5] or "Free Culture 
Works“ [6], is that contents are released very early, according 
to the frequency of occurrence. This has two positive effects; 
errors and flaws can be detected and corrected in an early phase 
and the quality and speed of the production process is 
enhanced. [4] In the area of software technology, the 
participating communities are absolutely future-oriented and 
develop products that are just as good as the commercially 
distributed products.   
2.2. Analysis of Existing Concepts  
With reference to the principle "Survivorship Bias" the 
University of Kassel, Germany, conducted a study on "Open 
Design for Manufacturing". 18 different concepts were 
analyzed regarding the following aspects: actuality of the 
project, application of Open Source concepts, motif and 
merchandising of concepts, structure of the community and 
other aspects of distribution [15]. 
The market analysis of concepts that specifically use the 
principle of Open Design clearly shows how complex the 
overall structures are that encompass this system. However, the 
individual is still the most important link in the development 
chain, which makes it all the more important that they are 
intrinsically motivated, as only this enables people to be 
prepared to participate over a longer period of time. The results 
varied, however, according to the economic branch. In some 
cases, the concept failed, although there was a strong 
identification with the product, which leads to the conclusion 
that these concepts did not fail due to lack of motivation from 
the participants.  The general conditions regarding social, 
political, ecological and economical aspects had not been taken 
into consideration sufficiently. As a result, this shows that 
single influential factors (as an example: the subsidies in 
"Solar-Car" or the hugely increasing development of 
information technology in the project "Simputer") need to be 
pin-pointed and interlinked.   
All studied concepts have regular team members so that the 
preparational phase can be used to define who is on the team 
and who is responsible for which area. The manner and form in 
which the publication and the general appearance in the public 
is to be performed is also specified. A website, a forum for the 
exchange of information and data and, possibly, a 
representation on wiki are essential.  The creation of a roadmap 
with pointers regarding the status of individual projects must 
be included in the strategic planning phase. The subsequent 
developmental phase should be restricted regarding time and 
also needs an exact definition of the target product.  
When letting go of the tendency to believe in the illusion 
that everything can and should be controlled, there are many 
possibilities to enhance free thinking and creative working. As 
regards the development of the product, the question arises as 
to how the designs that are released for assessment should be 
evaluated or which designs are optimal. Here, we should not 
forget that people need to be motivated, in order to develop 
high quality and sustainable designs. There are several 
possibilities to reward the designers, as an example, the idea of 
169 A. Rebensdorf et al. /  Procedia CIRP  26 ( 2015 )  167 – 172 
a design competition and the reward of a free delivery of the 
product that was manufactured according to the winning design 
could be considered. However, the primary goal is to adhere to 
the basic idea - "from the community for the community".  
 The studies also revealed that the production and 
distribution also plays a decisive role but that these aspects 
were included only in a few concepts. This results in a lack of 
requests for sustainable and reproducible solutions. The same 
applies to the financing of the projects, which is linked to the 
production and distribution. A further aspect which should not 
be forgotten is that the documents also go through a product 
life cycle, which can be vital for licensing.   
 However, these approaches are no guarantee for success, as 
the success or failure of a company or project also results from 
the abilities and commitment of the employees and volunteers. 
The individual still is the key to success and here intrinsic and 
extrinsic motivation is essential.   
The projects "One Laptop per Child" and "Simputer", which 
basically tried to support developing countries, gave important 
insights. The reasons for their failure are clearly recognizable, 
the price of the product was too high for the average inhabitant 
of a developing country and the speed in which information 
technology develops makes it cheaper to repair a second-hand 
notebook than to produce a new laptop that is restricted in its 
capacity. But as already hinted, the product computer can 
contribute to an increase in abilities and knowledge of children 
that can then try to escape their otherwise unpromising life. But 
how much significance can a computer gain, if the basic needs, 
such as simple access to clean water and electricity, are not 
met? 
3. Conceptualization   
3.1. Value Creation Open Design Process  
The Open Community Manufacturing concept was 
developed to help grow the formal economy, while not 
interfering with existent technology transfer mechanisms. The 
core objective is to mobilize the ‘sleeping’ BoP (Bottom of the 
Pyramid [4,16]) communities to help grow the formal market. 
The OCM value chain also integrates the skill development 
incubators into a collective support system. The diversity of 
information and the access to it, the willingness to challenge 
new problems, the ability to learn new abilities and to 
participate actively at the same time, all lead authors such as 
RECHWALD & PILLER (Interactive Value-Creation), 
HOWE (Crowdsourcing), CHESBROUGH (Open Innovation), 
BENKLER (Commons-based Peer-Production) and 
TAPSCOTT (Wikinomics) and many, many more to describe 
the developments of the last years and to see the costumer more 
as a consumer. [7,8] To illuminate the value chain more clearly, 
there are several potential business assessment and engineering 
aspects. 
To strictly divide the costumer domain from that of the 
producer, as is the case in the classical value adding strategies, 
is not recommendable for these projects. [4] REICHWALD 
and PILLER describe an approach, which creates value 
interactively and emphasizes that the reciprocal relationship 
between the actors is only then successful and sustainable, 
when the advantages are higher than the costs.  [4,8]  
Therefore, the value creating factors of the OCM - 
Development Challenge and its classifications are subdivided 
into three phases: Planning, Solution Development, and 
Implementation, figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Value-Creation-Process of OCM 
The phase planning is the preparation phase, here problems 
will be analyzed and defined and the project will be planned 
accordingly.  A core team of students or volunteers will be 
formed. The second phase - the solution development - 
describes the process of development. Within the framework of 
the OCM-concept, products will be planned and produced via 
Collaborative Engineering. The implementation can take place 
in the form of lectures or practical lessons or or can be 
performed voluntarily by virtual teams on the OCM-platform. 
If students accompany the project, there are certain advantages, 
especially as regards the implementation of the production of 
the developed products. Here, the aspects prototyping and 
optimizing are crucial as they lay the foundation for the next 
steps.  
In the third phase, the implementation, the focus lies on the 
formation of a focused network (cluster) that comprises 
technology centers in South Africa (so-called incubators). The 
role of the OCM in this phase is the mediator. In the long term, 
possibilities to support and expand those small factories will be 
sought. Here, the focus will be on the segment food, water, 
energy, home and waste management.   
3.2. Agents within the OCM Cluster   
In general, Open Community Manufacturing programs use 
Open Design to connect specialists and volunteers virtually on 
a global level so that a sustainable development for 
communities can be achieved through Social Innovations, thus 
ensuring that basic needs and basic services are provided for an 
overall brighter future as illustrated in figure 2.  
 
 
 
Value
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Fig. 2. OCM Cluster 
Designers transform their ideas for social development into 
physical products by virtually collaborating with volunteers 
and manufacturing specialists, while educating the 
communities at the same time. Universities can participate by 
easily integrating OCM into their curriculum, in order to help 
educate and prepare their students for industrial & social 
challenges through collaborative learning. Volunteers from all 
over the world can join the OCM community to share their 
skills and ideas by designing or manufacturing high quality 
solutions for the world. 
Many local manufacturers proudly join the development 
revolution - to enable fair working conditions by 
manufacturing quality products that meet social demands. With 
their special knowledge, Incubators are supported to help start-
up SMME`s through the OCM-platform and with our user's 
excellent R&D track record. By getting involved in the OCM 
Development Challenge, Fabricators are rewarded with our 
advanced (and socially needed) designs that are manufactured 
and sold for a profit.  
OCM ensures that the social investments have a sustainable 
impact on people, partnerships, infrastructures and technology. 
Donators make socially responsible contributions as they can 
control the impact of their investment, create value and ensure 
community development. Investors make their sustainable 
investment by supporting our entrepreneurs’ community 
developments initiatives. 
Individuals or retail companies use the OCM-Platform 
(Fig.3) to improve their designs and rapidly manufacture their 
desired products. Retail companies order high quality, locally 
manufactured products that are created by our community and 
sell them as batch orders in their shops. Various types of 
entrepreneurs select a design from our OCM platform for their 
special needs and even order prototypes they can sell. 
4. Phases of the Open-Design-Process 
4.1. Planning  
In this phase, the focus lies on understanding the needs of 
the community and on the development of adequate means to 
generate value-adding procedural steps. All necessary 
information is gained through the tight cooperation of various 
non-profit organizations with representatives of the different 
provinces and through the contributions from social workers. 
However, the prerequisite for a successful implementation is 
the formation of the team, which consists mainly of students 
and experts (e.g. research assistant) who are brought together 
after the specific needs and tasks have been identified. 
According to the customer-active paradigm [4], costumers of 
the OCM can be categorized as leading-users as they originate 
from the community, the users, designers and volunteers, and 
because they take the primary initiative when developing new 
ideas for products. The OCM-team, or respectively the online-
platform, will carry out the subsequent transfer of the idea to  
the product. Within the OCM concept, the volunteers can be 
described as a virtual community as the communication and 
interaction is mainly through the structured network of the 
electronic media [4]. 
 
Fig. 3. Homepage and Forum of the « OCM-Development Challenge » 
For the work on the project to be efficient, the roles within 
the team need to be distributed clearly, in order to allocate 
tasks, competences and responsibilities beneficially. The 
manner in which the structure of the project is organized and 
implemented depends on various factors. Thus, it is the specific 
type and size of a project that essentially defines the number of 
project participants. Legal requirements and the specific form 
of the cooperation with external agents set the boundaries for 
applications of available resources. [9] When creating 
organizational structures, the project management is consulted 
to ensure the functional planning, leadership,control of the 
project management and implementation. Two kinds of 
planning tasks need to be distinguished; the first deals with 
recurring problems and the second handles non-recurring 
problems. Routine planning tasks are recurring challenges that 
occur during the operating of a system. Complex challenges 
only occur uniquely but need special procedures such as the 
planning, creating or reconstruction of a system. [10] However, 
a team can only work successfully if an independent person 
surveys the distribution of tasks and the adherence to the rules. 
For this reason, student volunteers will be integrated into the 
concept to guide the process and to act as project managers. In 
addition, interdisciplinary teams will be formed during the 
OCM process in which these students will be the managers of 
singular projects within the various segments.   
4.2. Solution Development  
In the following phase, Solution Development, products will 
be developed through collaboration, examined regarding 
functionality and will then be optimized. After having invited 
student volunteers to the team, the project will be started 
according to the defined rules and settings. This will be done 
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with the help of an Open-Design Process which consists of 4 
steps - product planning, collaborative design, prototyping and 
optimizing. (Fig. 4) 
Fig. 4. Integration of open-design into the concept  
The first step, product planning, deals with the preparation 
and is started with a "Kick-off". The product will be described 
in detail to the OCM-team and then a risk analysis and risk 
assessment will follow. After that the specific tasks will be 
identified. Various methods, such as the functional structure 
diagram, will also be included into this step. However, before 
this can happen, the rate of complexity of a task has to be 
determined in order to decide which steps should follow. If the 
complexity of a product is low, a product could be developed 
by one person. If the task is more complex, then the work has 
to be distributed. Within the OCM, a low rate of complexity 
offers a low number of possible solutions, whereas a high rate 
of complexity requires a modular structure. Thus, there are two 
categories; the "challenge" in form of an ideas competition on 
the OCM platform and the "collaboration" with a modular 
structure that is similar to the approach of Collaboration 
Engineering. Collaboration can happen in lectures, practical 
and also in project work. As there are many participants and 
agents within the concept of OCM, it is necessary to make sure 
that every concept has the required license. Already, there are 
many licenses that differ in various aspects such as copyleft-
effects, possibilities of choice, special conditions and work 
categories. [11] An overall model for licensing is "creative 
commons", which will be integrated into the concept as a basis. 
To reach the set goals, different techniques and methods will 
be applied. But available incubators so far suggest that the 
production and assembly process should be integrated into the 
product development. Here, a further approach is the concept 
of "cooperative product engineering" (CPE) which has all the 
strategic components and includes all the agents into the 
concept. Together with other methods (e.g. DFMA, FMEA, 
QFD), products that have very high technological, economical 
and ecological value can be developed. 
When evaluating the product, the principle of "socio-
selection", in combination with technical, economical and 
ecological aspects, will be applied. For this, an excel-tool will 
be generated and the VDI-guidelines 2221 and 2225 will be 
applied for the systematic evaluation. In general, this project 
aims to achieve an eco-design (Design for Environment - DfE), 
which stands for environmental friendly technical designs. The 
OCM-team and experts will evaluate production designs with 
a large range of criteria before a limited number of design-
options will be supplied online for the community.  A further 
aim of the OCM-concept is the creation of common 
information and communication system and a virtual library 
that can be accessed by both universities. 
4.3. Implementation  
Today, developments show that future production processes 
will have the tendency of being distributed and decentralized, 
consisting of smaller collaborative processes that are organized 
independently from each other. [4] This offers new possibilities 
and strategic options. Different approaches of decentralized 
productions, such as decentralized mini-factory-networks, 
mobile mini-factories, devolved manufacturing and grid 
manufacturing, are already applied today. Which method is the 
most suitable depends on the operative, tactical and strategic 
requirements; aspects which can be included into the OCM as 
an independently acting organizational segment within the 
strategic planning process. [4] Basically, the OCM-concept can 
be seen as a link between the different organizations and 
institutions in South Africa and follows the aim to use the 
potential that is already there. The implementation and 
manufacturing will be performed by the incubators (technology 
centre) and fabricators, figure 5. The students will work 
together closely with the incubators and will support them with 
their skills and knowledge. The “Seda Incubation Programme” 
was called into life to support the manufacturing of local 
products and to build up a community in South Africa. Today, 
more than 42 "Technology Incubation Centers“ exist in South 
Africa (2013) and the aim is to have more than 250 Technology 
Centers by 2020. [3] The cooperation with incubators from 
SMMe-programs allows manufacturing of products that can 
also be distributed by these entrepreneurs. 
 
Fig. 5. Design meets Manufacturing 
This process is supported and financed through donators and 
investors. The latter are compensated adequately as they 
receive yields from the entrepreneurs. For this reason, the area 
market with its companies and entrepreneurs form a pillar. 
After Sales has the task of evaluating whether the production 
process and the specific product fulfill the requirements that 
were defined at the beginning of the project. This will be 
performed at regular intervals. Contributions regarding the 
success or failure of a design can be integrated into the platform 
in form of feedback. Many agents are part of the process of 
developing the product and, thus, there are many different ways 
in which results can be interpreted. This makes it necessary to 
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document suggestions and criticism in every phase and include 
them in the subsequent processes. However, at the core this 
project aims to take on specific product-focused views, 
emphasizing recycling processes and quality assurance. Here, 
the quality of a product will be examined within a defined time 
limit to evaluate whether the quality is sufficient and whether 
the community will profit from this. Products will be examined 
regarding their life cycles in selected communities. 
5. Potential and challenges of the concept and open source  
innovation  
In general, the implementation of Open Source is linked to 
ecological, social, technical and legal aspects. Besides 
contributing to creating a living standard that is the same all 
over the world, this concept also supports further research and 
therefore can help some countries (even industrial countries) to 
achieve a competitive advantage.  
The global generation “net” [12] clearly shows an urge for 
new developments, but they are often contrary to the desired 
sustainability. The interests of the young generation change 
quickly, which requires a good sense of tact, especially if an 
intrinsic motivation is to be sustained, an aspiration which also 
stands in line with conventional strategic viewpoints. The 
inclusion of this project into lectures and teaching enables 
students to widen their horizon, changing their perspectives and 
values. This is all the more important, as many German 
students are convinced that they are dealing with singular 
mechanisms and structures, failing to understand the 
complexity of the real world. According to VESTER, SPATH 
and DILL, this originates from the German educational system, 
as it fails to offer a systematic approach. [13] This is 
complicated by the fact that most German universities follow 
individual curricula. In connection to an eLearning project on 
engineering problems at the University of Kassel, Germany, 
these aspects became apparent, when students failed to use 
systematic forms of organization, such as project management, 
work-flow management or life cycle management. This is all 
the more disturbing, as systematic organization is a main factor 
in everyday practice [14]. So, this project will offer students the 
possibility to gain a practical orientation and to practice 
working systematically. 
Thus, the possible potential of the Open-Source concept 
defies all skepticism, especially as it distributes knowledge and 
value-adding elements. In addition, it also offers the possibility 
to argument positively towards open source. [4] Companies not 
only profit in form of more sales, but also from the general 
developments, as not every company has all the necessary 
departments to do its own research and developments. So, this 
can be cheaper and less risky than employing experts.      
It took some time until our society could accept open 
sources, but, today, platforms such as Wikipedia are taken for 
granted. Leaving all criticism of the quality of the Open Source 
concept aside, it has the positive aspect that information is 
much easier to access than it was 100 years ago. All these 
innovations have one indispensable condition which can 
loosely be named efficiency. This is linked to the emphasis on 
sustainability, which, in return, can be achieved through social 
innovations. Thus, teaching is an important milestone which 
can lead to all kinds of future alternatives, such as an Open 
University.  
6. Summary 
This contribution introduced the concept of Open 
Community Manufacturing systems as a new technology 
transfer mechanism and could be improved by the close 
cooperation between University of Kassel and University of 
Johannesburg in the early stage of the development process 
[17]. This concept adheres to the basic principle of "openness", 
making knowledge and content accessible for all. Here, the 
paradigm "Open Innovation" with its innovation strategy 
"Open Source Innovation" plays a decisive role. The basic idea 
is that private resources are integrated into the value adding 
chain and are then expanded through the knowledge of all the 
interested and qualified Individuals that participate in Open 
Design.  
As a general principle, the community can be integrated into 
nearly all the phases of the value adding chain and it can also 
be supported with knowledge about sustainable products. The 
aspiration of the OCM is to bridge the gap between all the 
complex singular systems. As these complex systems and the 
resulting challenges need to be faced, the concept needs to 
implement transparency and should not reduce complexities.  
Future work will focus on the refinement of the quality 
management systems for the OCM product development value 
chain and the sustainable implementation (acceptance) of these 
products in the community. It will also be interesting to 
understand the effects of OCM on external stakeholder’s 
production stability and supply chains for formal economies 
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